Push-pull Converter for High Efficiency Photovoltaic Conversion  by Petit, Pierre et al.
 Energy Procedia  18 ( 2012 )  1583 – 1592 
1876-6102 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of The TerraGreen Society.
doi: 10.1016/j.egypro.2012.05.174 
Push-pull converter for high efficiency photovoltaic 
conversion 
Pierre Petit, Michel Aillerie, Jean-Paul Sawicki, and Jean-Pierre Charles 
LMOPS, Université de Lorraine and Supelec, 2 rue Edouard Belin, 57070 Metz, and  
IUT de Thionville Yutz, Espace Cormontaigne, 57500 Thionville-Yutz, France France 
pierre.petit@univ-metz.fr  
Abstract 
The energy conversion systems especially dedicated for the conversion of electrical power from solar generators into 
a grid are analysed. Lot of systems are basically developed on boosters or inverters including electronic switches such 
as MOS or bipolar transistors. The limits of efficiency are quickly reached when high output voltages and high input 
currents are needed. After presentation of some usual classical systems, pointing out their advantages and drawbacks, 
we propose an original system based on a standard push-pull converter associated with a dynamic modulation control. 
The main advantage of this combination is the possibility to control the delivered electric power in a wide range 
between very low to high levels within the same basic architecture. 
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1. Introduction 
Photovoltaic (PV) systems optimization drives a lot of research works towards solutions for direct 
power conversion [1-2]. We can classify converters according to the voltage range in which they operate. 
In cases of applications for power production in isolated sites, low voltage systems were variously studied 
and optimized for storage in accumulators [2]. They present the advantage to convert low voltages, which 
is suitable to the integration of standard semiconductor components as MOS and bipolar transistors having 
low losses in this operating range [3-6]. This trivial solution as regards to the autonomous systems such as 
the intelligent recharging accumulators is not suitable for direct power production interconnected to a 
grid, in which case an increase of the voltage is needed before ac conversion and connection. [7]  
In this case, one has to involve dc/dc step-up systems followed by dc/ac converters or directly dc/ac 
step-up systems driven to adjust the level and frequency of the output voltage synchronized with those of 
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the grid [8]. 
The structures of step-up transformers are limited by their architecture as well as by the technology of 
the power active components that they integrate needed for the power conversion. The main problem met 
on step-up system transformers is the poor efficiency of the power components working at middle range 
voltages [7].  
These step-up systems among others for various applications including the photovoltaic one were also 
recently improved and variously treated by authors in literature [9-10]. An important number of step-up 
structures using active switching components were proposed for photovoltaic systems with converters 
associated to individual or to a set of parallel, series or mixed associated photovoltaic panels. These 
systems were particularly intended to be used in a photovoltaic environment and must have a high 
efficiency. Indeed, the values of acceptable lower limits for the efficiency of such a system announced by 
AC converters manufacturers are located in a range from 96 % to 99 % [11, 12]. 
To achieve such a performance level, recent studies showed the interest of the use of distributed 
architectures to achieve high efficiency in the production [7, 12, 13]. 
Thus, within this context, we have studied actual solutions existing for middle range voltage 
conversion dedicated for renewable as photovoltaic energy production and we point out advantages and 
drawbacks of these systems. Following the conclusions of this analysis, we propose an original 
architecture allowing the achievement of a high efficiency system. The principle adopted is the direct 
connection of the PV panels to a grid with a working point fixed at a continuous voltage in the 160VDC to 
500VDC range choosen as function of the nominal voltage of the charge. The main developed structure 
proposed for this approach is shown in Fig.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic of a basic parallel smart grid structure 
In our study, the minimum overall level efficiency considered as acceptable in a PV converter system 
was fixed at 95 %. Thus, by taking into account the fact that the three main active elements of standard 
converters, which are the inductor, the transistor, and the free wheel diode are the most sought after, the 
correct distribution of the losses that we have to consider for each component brings a very low maximum 
level of losses equal to 1.6 %. It is of course obvious to consider the hypothesis that the inductor and the 
diode are the two elements easiest to size [7]. 
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2. Basic converters 
We introduce and comment in this part two basic converter structures, which summarize the converter 
principles, used as the starting point for the development of the novel push-pull architecture presented in 
the following of the present publication; this presentation is willingly not exhaustive and reader can get a 
more complete overview of various converter architectures in the many books and publications related to 
this subject.  
2.1. Buck converters 
These systems are widely described and analysed in numerous studies due to the fact that they were 
the first ones to have been experimented for the optimization of autonomous systems load on 
accumulators [14-16]. In these pulse-width modulation (PWM) systems, a switching device adjusts the 
input energy produced by the solar panels to transfer it without stress and with a minimum of power 
losses to the storage device often working at a fixe voltage level. The schematic diagram of such a system 
is given in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Basic structure of a Buck converter. 
The PWM duty cycle and frequency controlling the energy transfer depends essentially on the value of 
the input and output voltages. The main advantage of the buck converters consists in the fact that it 
presents high efficiency for applications in which a decrease of the voltage is necessary while keeping the 
maximum of the power provided by the solar panel (corresponding to a functioning point located at the 
maximum power point (MPP) of the P-V characteristic of the PV generator). This simple structure is also 
well adapted for other non-solar low-voltage applications in renewable energy production systems. 
Nevertheless, as considered in the specifications of the present study, i.e. for converters presenting an 
output voltage higher than the input one, namely for step-up voltage converters, the buck converter 
architecture is technically inadequate due to the high voltage conversion ratio requiring high PWM duty 
cycle and frequency. 
2.2. Boost converters 
Boost converters or "elevators" allow to increase the voltage of the source to get an high voltage DC 
(HVDC) output allowing the direct electrical alimentation of high power charges or interconnection with 
a HVDC grid [12, 17]. We have represented in Fig. 3, a typical step-up boost converter.  
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In this structure we can see that the output voltage is applied to the transistor when the diode is on, in 
the recovery state. As a consequence, the maintain voltage of the transistor must be greater than the 
expected output voltage.  As for converters presented above, the duty cycle and frequency of the PWM 
command of the switching device (MOS transistor, IGBT etc.) is in a direct relationship with the Vout/Vin 
voltage ratio with, in case of energy generation applications as considered in PV production, only Vout is 
fixed at a constant value. 
Thus, the specific technological key concerning the functioning of these converter types is the power 
MOS transistor used as switch. A recent publication [7] shows that, within this switch configuration, it is 
impossible to obtain output voltages above 150V with a global high efficiency. In fact the Rdson 
resistance of a MOS increases in an over-linear mode according to the maximum voltage rating, and as a 
direct consequence, induces a huge increase of losses directly link to it. 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Basic structure of a Boost converter. 
Thus, the specific technological key concerning the functioning of these converter types is the power 
MOS transistor used as switch. A recent publication [7] shows that, within this switch configuration, it is 
impossible to obtain output voltages above 150V with a global high efficiency. In fact the Rdson 
resistance of a MOS increases in an over-linear mode according to the maximum voltage rating, and as a 
direct consequence, induces a huge increase of losses directly link to it. 
The main drawback of this type of system is the poor efficiency when the conversion ratio approaches 
4. Beyond this voltage ratio, the asymmetry of the signal renders impossible the use for powers exceeding 
an order of 100 Watts. Beyond this voltage ratio, the asymmetry of the signal renders impossible the use 
for powers exceeding an order of 50 Watts. 
Nevertheless, these step-up systems were considered because of the possibility that they offer to 
modulate the converted power, thanks to the PWM command on the switching component (the transistor 
MOS see Fig. 3). 
The drawbacks described above of conventional boost systems are mainly linked to the overall 
generator configuration when energy sensors as panels in photovoltaic applications are connected in 
string configurations inducing the necessity of high voltage convertors. To avoid these drawbacks, 
distributed architectures using low voltage convertors with high efficiency could be an advantageous 
solution. [18-20].  
The schema of Fig. 4 summarizes the distributed structures. Each converter works in an independent 
way of the others and, fixed at his own MPP of the individual P-V characteristic converts energy in a 
operating range where transistors can present their highest efficiency. Another advantage of this solution 
in case of PV applications when each convertor is associated with an independent, but synchronize 
tracker, who follows the maximum power point (MPP) is that each panel can give the maximum available 
power, even in case of non-uniform sunshine or partial shadow of the PV generator. 
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Fig. 4. Distributed PV structure with DC/DC converters 
3. The push-pull boost converter 
To optimize the global efficiency of the boost converters based on classical inverters described above, 
we designed a converter with a symmetric architecture using push-pull structure. The problem is in the 
fact that the output voltage produced by this converter is constant and only dependent with the 
transformation ratio of the transformer, instead of a current transformer more matched to this kind of use.  
The Fig. 5 represents the electronic schema of the proposed boost voltage converter using the push-
pull structure. We can clearly observed in this schema the symmetrical structure of the output stage. 
Within this configuration, the transformer works in a forward mode at high frequencies (>15 kHz), and, 
thus, it allows the possibilities to minimized the coupled coils element even in case of conversion of high 
powers. Moreover, the symmetrical structure of the push-pull stage allows the use of the two quadrants of 
the magnetic cycle of the transformer, the main advantage being the size optimization of the coils. With 
well-dedicated magnetic circuit, one can obtain a negligible air gap inducing a high Al inductance 
avoiding possible saturation of the magnetic element.  
Within this configuration, the voltage transfer ratio of the converter is given by those of the 
transformer itself, i.e. m = Vout/Vin = N2/N1, with N2 and N1, the number of turns of the output and input 
coils of the transformer, respectively. Considering these equations, the impedance ratio can be written as 
m2 = Zout/Zin, which shows the possibility to adapt the impedance transfer between the PV panel and the 
grid. 
In our study, we can see in the electronic schema of the converter analysed and represented in Fig. 5, 
that we have chosen two carbure - silicium rapid rectifier diodes. The converter also integrates new 
generation rapid components allowing an optimal power transfer. The efficiency of such solution can be 
advantageous when high voltage holding is requested (in our simulations, we have considered  
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Vout = 600V) compared with those of systems integrating Schottky diodes. An additional inductor 
connected in series with the output coil gives a global behaviour similar to a classical Step-Up. It allows a 
positive voltage gap between the output voltage load (HVDC bus) and the necessary upper voltage at the 
output of the push-pull converter providing from the PV sources after amplification by the transformer. 
Fig. 5. Schematic structure of a push-pull converter 
This converter also integrates a PWM system to adjust the MPP of the power extracted from the panel. 
It has a global behaviour like a voltage generator related to the panel voltage in serial with a switch 
commended by the PWM control as seen in Fig.6 in which the voltage generator is named G. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Equivalent generator of a PV panel connected to a HVDC bus. 
The MOS driving in G, which can be assumed by a microcontroller, is synchronized and generates 
pulses for the two part of the push-pull switches in opposite phase.  
It is to be of note that due to the fact that a positive voltage gap exists between the HVDC bus and the 
output voltage of the converter obliges to extract the energy in a discontinue way. Thus, this operating 
mode imposes a burst mode for the pulses applied to the two switches.  
3.1. Push-pull boost converter behaviour simulation  
We have evaluated the performance of the push-pull boost converter with a PSPICE model, 
represented in Fig. 7 and using the simulation tools based on ORCAD to establish voltage and current 
values and shapes.  
We note in this schema in Fig. 7 the two drivers for the switches in the primary stage and an inductor 
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in the output stage, in series with the two coupled inductors adding to avoid high transient variations of 
the current in the transformer, and, as a consequence by forward effect in the PV panel.  
The resulting chronograms of simulations show very precisely the evolution of one of the output coil 
named V(R6:1). We can see some pseudo periodic oscillations du to the resonance between the inductors 
and parasitic capacitors present in the circuit. We have also reported the voltage shapes of the drain 
(V(M3:d)) and gate (V(U1:output)) voltages of one MOSFET. We observe some over voltage on the 
drain MOSFET that indicates the necessary improvement of the transformer-coupling factor. In this 
figure, we clearly show the burst mode on the PWM signal MOSFET control.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Schematic used for the simulation of the push-pull converter by ORCAD simulator. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Top: MOSFET command (in dash), and drain voltage of one MOSFET. Bottom: Output secondary current injected into the 
HVDC bus symbolized by V1 in the diagram of Fig.7. 
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For the simulation, the choice of a DC voltage generator as an equivalent of the HVDC bus has been 
preferred to a simple resistive load. Then, we can observe the power transfer by analysing the DC current 
provided into the bus. Nevertheless, in practice when the system is connected to the HVDC bus, no 
change in the operating mode occurs in comparison with this simulating mode done with a resistive load.  
With the use of such a system, one can expect many advantages in terms of signal quality due to the 
high symmetry of the currents in continuous mode, in terms of cost by the use of low voltage MOS 
transistors and in terms of efficiency. 
3.2. Implementation of a push-pull boost converter  
The implementation of such a system implicates some additional control organs designated to the 
supplies stabilization on one hand, and the acquisition vector measurements at the other hand. The 
complete implementation schematic is reported in Fig 9 and the prototype is shown in the picture of Fig. 
10. 
 
Fig. 9. Schematic used for the simulation of the push-pull converter by ORCAD simulator. 
The tracking of the MPP and the driving of the PWM signal is made by a 8 bits micro-controller in 
charge of the functioning stability in static and transient modes, which drives the two MOSFETs buffer 
inputs. The choice of a micro-controller for the driving of the converter brings flexibility and allows the 
integration of such a converter in the multi-generators parallel architecture connected to an inverter and 
also, enables the possibility of communication with a monitoring system. 
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Fig. 10. Prototype of the push-pull converter. 
4. Conclusion 
This paper has proposed a novel converter based on a push-pull architecture associated with a 
magnetically couple transformer. This specific architecture provides high efficiency and high step-up DC-
DC conversion with the possibility of an independent impedance adaptation single link to the converter 
ratio of the transformer. Additionally, we have shown that the addition of an inductance in the output 
stage avoids fast transient currents in all parts of the converter. The steady state analysis of voltage gain 
and boundary operating condition are partially discussed. Due to its symmetrical operation with two 
switch elements, this structure allows the possibility to obtain a high conversion ratio. Finally, the 
presentation of the implementation of such a converter with the realization of a prototype shows the 
possibility of its integration in distributed photovoltaic generator architectures.  
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